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Public Summary: 
Sepsis due to antimicrobial resistant pathogens is a major health problem worldwide. The inability to rapidly detect and thus treat
bacteria with appropriate agents in the early stages of infections leads to excess morbidity, mortality, and healthcare costs. Here we
report a rapid diagnostic platform that integrates a novel one-step blood droplet digital PCR assay and a high throughput 3D particle
counter system with potential to perform bacterial identification and antibiotic susceptibility profiling directly from whole blood
specimens, without requiring culture and sample processing steps. Using CTX-M-9 family ESBLs as a model system, we demonstrated
that our technology can simultaneously achieve unprecedented high sensitivity (10 CFU per ml) and rapid sample-to-answer assay time
(one hour). In head-to-head studies, by contrast, real time PCR and BioRad ddPCR only exhibited a limit of detection of 1000 CFU per ml
and 50-100 CFU per ml, respectively. In a blinded test inoculating clinical isolates into whole blood, we demonstrated 100% sensitivity
and specificity in identifying pathogens carrying a particular resistance gene. We further demonstrated that our technology can be
broadly applicable for targeted detection of a wide range of antibiotic resistant genes found in both Gram-positive (vanA, nuc, and mecA)
and Gram-negative bacteria, including ESBLs (blaCTX-M-1 and blaCTX-M-2 families) and CREs (blaOXA-48 and blaKPC), as well as
bacterial speciation (E. coli and Klebsiella spp.) and pan-bacterial detection, without requiring blood culture or sample processing. Our
rapid diagnostic technology holds great potential in directing early, appropriate therapy and improved antibiotic stewardship in
combating bloodstream infections and antibiotic resistance.

Scientific Abstract: 
Sepsis due to antimicrobial resistant pathogens is a major health problem worldwide. The inability to rapidly detect and thus treat
bacteria with appropriate agents in the early stages of infections leads to excess morbidity, mortality, and healthcare costs. Here we
report a rapid diagnostic platform that integrates a novel one-step blood droplet digital PCR assay and a high throughput 3D particle
counter system with potential to perform bacterial identification and antibiotic susceptibility profiling directly from whole blood
specimens, without requiring culture and sample processing steps. Using CTX-M-9 family ESBLs as a model system, we demonstrated
that our technology can simultaneously achieve unprecedented high sensitivity (10 CFU per ml) and rapid sample-to-answer assay time
(one hour). In head-to-head studies, by contrast, real time PCR and BioRad ddPCR only exhibited a limit of detection of 1000 CFU per ml
and 50-100 CFU per ml, respectively. In a blinded test inoculating clinical isolates into whole blood, we demonstrated 100% sensitivity
and specificity in identifying pathogens carrying a particular resistance gene. We further demonstrated that our technology can be
broadly applicable for targeted detection of a wide range of antibiotic resistant genes found in both Gram-positive (vanA, nuc, and mecA)
and Gram-negative bacteria, including ESBLs (blaCTX-M-1 and blaCTX-M-2 families) and CREs (blaOXA-48 and blaKPC), as well as
bacterial speciation (E. coli and Klebsiella spp.) and pan-bacterial detection, without requiring blood culture or sample processing. Our
rapid diagnostic technology holds great potential in directing early, appropriate therapy and improved antibiotic stewardship in
combating bloodstream infections and antibiotic resistance.
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